ABBREVIATIONS BRAT = Barrow Ruptured Aneurysm Trial; CCI = Charlson Comorbidity Index; CSC = comprehensive stroke center; DPC = Diagnosis Procedure Combination; HAC = hospital-acquired condition; ISAT = International Subarachnoid Aneurysm Trial; JCS = Japan Coma Scale; mRS = modified Rankin Scale; PPV = positive predictive value; PSI = patient safety indicator; RCT = randomized controlled trial; SAH = subarachnoid hemorrhage. OBJECTIVE Although heterogeneity in patient outcomes following subarachnoid hemorrhage (SAH) has been observed across different centers, the relative merits of clipping and coiling for SAH remain unknown. The authors sought to compare the patient outcomes between these therapeutic modalities using a large nationwide discharge database encompassing hospitals with different comprehensive stroke center (CSC) capabilities. METHODS They analyzed data from 5214 patients with SAH (clipping 3624, coiling 1590) who had been urgently hospitalized at 393 institutions in Japan in the period from April 2012 to March 2013. In-hospital mortality, modified Rankin Scale (mRS) score, cerebral infarction, complications, hospital length of stay, and medical costs were compared between the clipping and coiling groups after adjustment for patient-level and hospital-level characteristics by using mixedmodel analysis. RESULTS Patients who had undergone coiling had significantly higher in-hospital mortality (12.4% vs 8.7%, OR 1.3) and a shorter median hospital stay (32.0 vs 37.0 days, p < 0.001) than those who had undergone clipping. The respective proportions of patients discharged with mRS scores of 3-6 (46.4% and 42.9%) and median medical costs (thousands US$, 35.7 and 36.7) were not significantly different between the groups. These results remained robust after further adjustment for CSC capabilities as a hospital-related covariate.
N umerous studies have compared outcomes between clipping and coiling procedures for patients with subarachnoid hemorrhage (SAH). 7, [17] [18] [19] [20] [21] 26, 28, 30, 31 The International Subarachnoid Aneurysm Trial (ISAT), a large randomized controlled trial (RCT) that compared neurosurgical clipping with endovascular coiling in patients with SAH, demonstrated the superiority of coiling. 20 This finding of the ISAT led to a prominent shift in the pattern of treatment for SAH, with the number of coiling procedures steadily increasing following publication. 28 However, it remains questionable whether the results of the ISAT can be generalized to all patients with SAH because most participants enrolled in the study were high-clinicalgrade patients with small anterior circulation aneurysms. 23 While patient demographics and SAH severity remain the strongest predictors of outcome following treatment, interhospital, interregional, and cross-national disparities may also contribute to differences in patient outcomes. For example, fatality rates in patients with SAH in Japan are substantially lower than those in other regions. 24 Such differences may be explained by the varied expertise of the treating physician, the SAH case volumes at different institutions, and a hospital's propensity to use endovascular therapy. 3, 11, 13 Recently, using the Japanese Diagnosis Procedure Combination (DPC) database, we established that high comprehensive stroke center (CSC) capability scores were associated with reduced in-hospital mortality in patients with ischemia and hemorrhage. 15 Researchers have increasingly relied on the use of administrative databases of hospital admissions to assess clinical outcomes. Despite several limitations, studies using nationwide databases produce more generalizable results than those of RCTs because of the elimination of potential selection and referral biases. 7, 17, 26 Previous large database studies that have compared outcomes following clipping and coiling in patients with SAH have been conducted in the US, yielding mixed results. 7, 17 To address these discrepancies, we used the nationwide DPC database (JASPECT Study) to identify patients urgently hospitalized for SAH between April 1, 2012, and March 31, 2013 . We then performed a mixed-model analysis adjusted with patient-level and hospital-level covariates to compare outcomes for patients with SAH who had undergone clipping and coiling procedures.
Methods

The DPC Database
The DPC database is a mixed-case classification system linked with a lump-sum payment system that was launched in 2002 by the Ministry of Health, Labor, and Welfare of Japan. 34 In 2010, an estimated 1388 acute care hospitals, representing about 50% of all hospital beds, adopted the DPC system. Data on practices can be obtained from the DPC database, and the attending physician is responsible for clinical data entry for each patient. The DPC system includes all patients admitted to participating hospitals. Compared with other registry databases, the DPC database has strength in enabling researchers to conduct nationwide studies of descriptive or analytical epidemiology in the real-world setting of clinical practice. The Japanese DPC database includes data on the following elements: each patient's profile (that is, age, sex, height, weight, smoking index); principal diagnoses (coded according to the International Classification of Diseases and Injuries, 10th revision); comorbidities at admission (coded similarly); complications after admission (coded similarly); and procedures, including surgery, medications, and devices used during hospitalization; length of stay; discharge status; and medical expense. 22, 34, 35 Institutions using the DPC system encompass a wide variety of centers, including academic, large, urban, and rural hospitals. 15 Of the 847 certified training institutions of the Japan Neurosurgical Society, 393 agreed to participate in the J-ASPECT Study. This cross-sectional survey used DPC discharge data from the participating institutions. moval of intracerebral hemorrhage, coiling of IAs, and intraarterial reperfusion therapy); 4) infrastructure (5 items: stroke unit, intensive care unit, operating room staffed 24/7, interventional services coverage 24/7, and stroke registry); and 5) educational components (2 items: community education and professional education). One point was assigned for each recommended item, with a maximum possible CSC score of 25.
Sampling Strategy
Computer software was developed to identify patients hospitalized for SAH from the de-identified discharge database using the ICD-10 diagnosis codes related to SAH (I60.0-9). We extracted data from the Japanese DPC database for patients who had been urgently hospitalized for SAH in the period from April 1, 2012, to March 31, 2013 . Patients with a scheduled admission were excluded from our study.
The DPC database includes the following data: hospitals' unique identifiers and CSC scores; patients' age, sex, height, and weight; diagnoses; comorbidities on admission, including those based on the Charlson Comorbidity Index (CCI); 6 Brinkman Index; 4 level of consciousness on admission according to the Japan Coma Scale (JCS); admission source; days between admission and treatment; inhospital mortality; modified Rankin Scale (mRS) score at discharge; cerebral infarction after admission; complications after admission according to patient safety indicators (PSIs) and hospital-acquired conditions (HACs); 10 length of hospital stay; medical costs; and procedures coded with Japanese original K-codes. The extent of smoking was assessed based on the Brinkman Index (daily number of cigarettes × years). 4 The JCS is the most widely used grading scale for assessing impaired consciousness in Japan (Supplementary Table S1 ). 14, 29 This scale represented levels of consciousness upon admission regardless of whether patients had subsequently undergone ventriculostomy or CSF shunt placement.
Validation Study
We collected a 1% representative sample from among 501,609 patients at the 393 institutions included in the DPC discharge database from April 1, 2012, to March 31, 2013, by using 2-stage random sampling. Admissions were randomly drawn from among the 393 included institutions, after which patients with SAH were randomly selected using ICD-10 codes. The primary diagnosis, treatment modality, in-hospital mortality, mRS score at discharge, and JCS score on admission were verified based on the discharge summary, hospital records of the clinical presentation according to neurosurgeons or neurologists, and CT or MRI evidence. Validation of the attending physician's contemporary assessment was equivalent to that of a retrospective chart review. The sensitivity, specificity, and positive predictive value (PPV) of SAH as the primary diagnosis were calculated using the sample set. The sensitivities, specificities, and PPVs of treatment modality, in-hospital mortality, mRS score at discharge, and JCS score on admission were calculated using the ICD-10 diagnosis codes related to SAH (I60.0-9) in the sample set.
Statistical Analysis
For statistical analysis, the mRS score at discharge was dichotomized into score groups 0-2 and 3-6. The JCS score was treated as a categorical variable of 0, 1, 2, or 3. Differences in patient demographics between the clipping and coiling groups were analyzed using the Wilcoxon rank-sum and chi-square tests. We used mixed-model analysis to estimate odds ratios for in-hospital mortality, mRS score at discharge, cerebral infarction, and complications and to estimate differences in length of hospital stay and medical costs. Odds ratios and differences were adjusted using a mixed model with sex, age, JCS score, and CCI score as fixed effects and hospital as a random effect (full cohort). To examine whether patient outcomes were affected by the CSC capabilities of each institution, the CSC score was applied as a fixed effect in addition to the aforementioned variables (subgroup with CSC scores). After conducting stratified analysis by JCS 0, 1-digit, 2-digit, and 3-digit codes, odds ratios and differences were adjusted using a mixed model with sex, age, CCI scores, and treatment modalities (clipping or coiling) as fixed effects and hospital as a random effect. We estimated odds ratios and differences for outcomes after 1:1 propensity score matching to account for differences in baseline characteristics between groups. Propensity scores for coiling were estimated using a probit model with age, sex, JCS score, and CCI score. To match patients, we used an automated matching procedure in the STATA software package that randomly selected a patient with clipping and a patient with coiling from the pool of potential patients within a propensity score caliper of ± 0.001. Successfully matched pairs were removed, and the procedure was repeated until all patients were matched to one comparator or until no further patients that could be matched were available within the caliper. Analyses were performed using SAS version 9.3 (SAS Institute Inc.), STATA version 12 (STA-TA Corp.), and SPSS version 12 (SPSS Inc.). A p value < 0.05 was considered statistically significant.
Ethics Statement
This research was designed by us and approved by the institutional review board of Kyushu University, which waived the requirement for individual informed consent.
Results
Patient Demographics
A total of 5214 patients with SAH (clipping 3624, coiling 1590) at 393 institutions were identified based on ICD-10 codes (full cohort). Of the 4327 patients (83%) with SAH who were hospitalized at the 266 institutions that participated in the CSC capabilities survey and assigned a CSC score (subgroup with CSC scores), 2996 had undergone clipping and 1331 had undergone coiling. Table  1 shows the demographics of the full cohort and the subgroup with CSC scores.
In the full cohort, significant differences in some characteristics were observed between patients who had undergone clipping and those who had undergone coiling. Specifically, patients who underwent coiling were significantly older (mean age: clipping 62.0 years, coiling 63.5 years, p = 0.003). The proportion of patients with impaired consciousness was significantly higher in the coiling group (for example, comatose patients: clipping 23.7%, coiling 30.9%, p < 0.001). The mean CCI score was also significantly higher in the coiling group (clipping 4.0 ± 1.0, coiling 4.1 ± 1.6 , p = 0.034). No significant differences in other comorbidities, such as hypertension, diabetes mellitus, hyperlipidemia, and hyperuricemia, were noted between the groups. The mean weight (clipping 57.0 ± 12.4 kg, coiling 56.2 ± 13.3 kg, p = 0.005) and mean Brinkman Index (clipping 215.4 ± 376.7, coiling 164.9 ± 387.4, p < 0.001) were significantly lower in the coiling group.
In the subgroup with CSC scores, the corresponding differences between the 2 treatment groups were also significant except in the mean CCI score (clipping 4.0 ± 1.5, coiling 4.1 ± 1.6, p = 0.166). Regarding hospital characteristics, the mean CSC total (clipping 16.8 ± 3.6, coiling 17.9 ± 2.8, p < 0.001), personnel (clipping 3.9 ± 1.3, coiling 4.2 ± 1.1 , p < 0.001), specific expertise (clipping 4.3 ± 0.9, coiling 4.8 ± 0.6, p < 0.001), and infrastructure subgroup scores (clipping 2.8 ± 1.4, coiling 3.2 ± 1.3, p < 0.001) were significantly higher in the coiling group. Table 2 shows outcomes in the full cohort and the subgroup with CSC scores. In the full cohort, rates of in-hospital mortality (clipping 8.7%, coiling 12.4%), cerebral infarction (clipping 16.7%, coiling 18.1%), mRS score of 3-6 at discharge (clipping 42.9%, coiling 46.4%), and PSIs ≥ 1 (clipping 48.5%, coiling 63.1%) were higher in the coiling group. However, the proportion of HACs ≥ 1 was higher in the clipping group (7.9% vs 7.0%). The median hospital stay was longer in the clipping group (median days: clipping 37.0, coiling 32.0), whereas the median medical costs were similar between the groups (thousands US$: clipping 36.7, coiling 35.7). Similar results were obtained for the subgroup with CSC scores. Table 3 shows patient outcomes in the full cohort and the subgroup with CSC scores according to the mixedmodel analysis. In the full cohort, after adjusting for sex, age, JCS and CCI scores as fixed effects and hospital as a random effect, in-hospital mortality was significantly higher in the coiling group (OR 1. was no longer significantly different between the groups, the odds ratio exhibited a similar tendency to that in the full cohort (OR 0.78, p = 0.105).
Mixed-Model Analysis
Because we suspected the JCS score to be the most important confounder, we also conducted stratified analyses by JCS 0, 1-digit, 2-digit, and 3-digit codes (Supplementary Tables S2 and 3 ). Although coiling did not have a significant effect on discharge mRS scores of 3-6 in patients with JCS 0, 1-digit, and 2-digit codes, rates of discharge mRS scores of 3-6 in the coiling group were significantly lower in patients with 3-digit codes in both the full cohort (OR 0.74, p = 0.038) and the subgroup with CSC scores (OR 0.70, p = 0.024). Although coiling did not have a significant effect on cerebral infarction in patients with JCS 0, 1-digit, and 2-digit codes, rates of cerebral infarction in the coiling group were significantly higher in patients with 3-digit codes in both the full cohort (OR 1.57, p = 0.008) and the subgroup with CSC scores (OR 1.69, p = 0.006). Regarding in-hospital mortality, PSIs ≥ 1, HACs ≥ 1, hospital stay, and medical costs, the influence of treatment modality seemed similar between the clipping and coiling groups in patients with each JCS score.
Propensity Score Analysis
Following 1:1 matching, 1556 patients who had undergone clipping and 1556 who had undergone coiling fol- lowing aneurysm rupture were matched based on demographic similarities. All covariates between the clipping and coiling groups were statistically indistinguishable after matching. Outcomes for patients with SAH after matching according to propensity score are shown in Table 4 . In-hospital mortality was significantly higher in the coiling group (OR 1.25, p = 0.047). Rates of cerebral infarction (OR 0.97, p = 0.745) and mRS scores of 3-6 at discharge (OR 0.94, p = 0.409) were not significantly different between the groups. The proportion of PSIs ≥ 1 was significantly higher in the coiling group (OR 1.77, p < 0.001), whereas that of HACs ≥ 1 was not significantly different between the groups (OR 0.83, p = 0.16). The median hospital stay was significantly longer in the clipping group (b = -6.71, p < 0.001), whereas the medical costs were not significantly different between the groups (b = 754.04, p = 0.086). Compared with the results of the mixed-model analysis, except for the proportion of HACs ≥ 1, a similar tendency was observed for the odds ratios and differences for the other factors.
Validation of Diagnosis, Treatment Modality, and Outcomes
Our sample, selected using 2-stage random sampling, consisted of 495 patients at 68 institutions. The sensitivity, specificity, and PPV of SAH as the primary diagnosis were 100%, 99.0%, and 95.1%, respectively. Among the 495 patients, 82 were identified using the ICD-10 diagnosis codes related to SAH (I60.0-9). The sensitivities, specificities, and PPVs of treatment modality and in-hospital mortality were all 100%. The sensitivity, specificity, and PPV of mRS Scores 3-6 at discharge were 97.2%, 87.0%, and 85.4%, respectively. The k coefficient of the JCS score on admission was 0.683. The results of the validation study are summarized in Table 5 .
Discussion
In Japan, the incidence of SAH is higher, 8 and the associated mortality is lower, 24 than in other countries, possibly because of differences in genetic backgrounds, socioeconomic indicators, 13 and national medical systems, including centralization of neurosurgical and acute stroke care capabilities. Therefore, international, national, and longitudinal comparisons of outcomes for patients with SAH treated using different therapeutic modalities should be discussed in light of socioeconomic indicators, acute stroke care capabilities at the specific time, 13, 14, 26, 28, 31 and patient-level characteristics such as SAH severity. 27 The present study is the first to compare outcomes for SAH patients treated with clipping and coiling via a mixed-model analysis of a large nationwide discharge database (DPC database) after adjustment for patient-level characteristics including age, sex, level of consciousness (JCS score), CCI score, and hospital-level CSC capabilities (CSC score). 14, 15 Our results revealed that patients who had undergone coiling exhibited significantly higher in-hospital mortality (12.4% vs 8.7%) and shorter hospital stays (32.0 vs 37.0 days) than those in patients who had undergone clipping. The proportion of patients discharged with mRS scores of 3-6 (coiling 46.4%, clipping 42.9%) and median medical costs (thousands US$: coiling 35.7, clipping 36.7) were not significantly different between the groups. Furthermore, the high accuracy of diagnoses, treatment modalities, and outcomes of the DPC cohort in the present study were confirmed using a 2-stage sampling method.
Discrepancies in the Results of Comparative Studies
Our results were partly consistent with those of 2 previous RCTs-the ISAT and the Barrow Ruptured Aneurysm Trial (BRAT)-with regard to functional outcomes, although rates of in-hospital mortality differed significantly. 18, 20 One possible explanation for this discrepancy is that almost 80% of all eligible aneurysms were excluded from the ISAT cohort, calling into question the general applicability of the results. In the BRAT, a relatively small number of patients were randomized and treated by highly experienced surgeons and endovascular physicians at a single high-volume center. The merits of using an electronic hospital claim database are associated with decreases in the risk of selection biases. Such biases may largely account for the differences between results of the present study and those of previous RCTs.
Researchers have increasingly relied on administrative databases of hospital admissions to assess clinical outcomes in patients with SAH. Three nationwide database studies were conducted to compare outcomes for patients with SAH who had undergone clipping or coiling, yielding mixed results. 7, 17, 26 Using administrative claim data from Canada entered between 1995 and 2004, authors of one study found that endovascular coiling was associated with a significantly increased risk of death or SAH readmission. 26 The results were confirmed by propensity scorematched analysis. Authors of another study, who used the National (Nationwide) Inpatient Sample from 1998 to 2003 in the US, reported higher in-hospital mortality after coil- * Odds ratios and differences were estimated for outcomes after 1:1 propensity score matching to account for differences in baseline characteristics between groups. Clipping was used as the reference. † Number represents the β value. ing than after clipping (16.6% vs 12.7%). 7 These 2 studies, both conducted relatively soon after the publication of the ISAT, produced results similar to ours in terms of the case volume ratio, mortality, and functional outcomes of clipping and coiling. 7, 26 Qureshi et al. revealed that, after the publication of the ISAT in 2002, there was a significant increase in endovascular treatment as well as a decrease in in-hospital mortality in patients with SAH. 28 A third nationwide database study used the Premier database, which is a voluntary, fee-supported collection of data developed to assess the quality and resource utilization of health care delivery in the US. 17 In contrast to findings in the present and aforementioned studies, the Premier database study revealed no significant differences in mortality between the groups (clipping 12%, coiling 13%, OR 0.94, 95% CI 0.73-1.21), though functional outcomes were significantly better in the coiling group (discharge to long-term care: clipping 42%, coiling 36%). 17 Except for the present study, the only other study to use an administrative database in the analysis of patients treated relatively late after the publication of the ISAT was a US study in which patients admitted from 2006 to 2011 demonstrated higher in-hospital mortality after clipping (11.9% vs 8.7%) and similar in-hospital mortality after coiling (12.6% vs 12.5%), relative to patients in the present study. 17 Since age is a predictor of a poor outcome, 7, 24 it is important to note that the patients with SAH who had undergone clipping (mean age 62.0 years) and coiling (63.5 years) in our Japanese cohort were almost 10 years older than those in the US and Canadian studies. 7, 17, 26 Nonetheless, in-hospital mortality rates after clipping were much lower in Japan than the corresponding rates in the other countries, whereas rates after coiling remained similar.
Unmeasured Confounders
Discrepancies between findings of the present and previous large-scale database studies may be explained by the influence of unmeasured confounders. In general, the most common cause of death and poor functional outcomes following SAH is the initial bleeding. 5, 16 In fact, we revealed that the influence of treatment modalities on rates of discharge mRS scores of 3-6 and cerebral infarction differs between patients with 0 to 2-digit JCS scores and those with 3-digit JCS scores. Although McDonald et al. performed propensity score analysis to minimize potential selection bias, SAH severity was not included in the patient variables used to generate propensity scores, making interpretation of the results difficult. 17 On the other hand, SAH severity was adjusted by the JCS score 14, 25, 29 in the present study, minimizing its confounding effects. Notably, the importance of the JCS, first developed in 1974 for the prediction of stroke outcomes, has recently been validated. 29 The second most common cause of SAH-related death and poor functional outcome is rebleeding. 5, 16 Earlier treatment of ruptured aneurysms reduces the incidence of rebleeding. 33 However, no significant difference in the mean preoperative period (2 days) between clipping and coiling was observed in the present study. Intracranial aneurysm size and location are also important clinical variables used to guide treatment decisions. However, details regarding these variables are unavailable in administrative databases and represent potentially important unmeasured confounders. In this regard, the Prospective Registry of Subarachnoid Aneurysms Treatment (PRESAT) trial provided reasonable estimates of the differences in ruptured aneurysm size and location in patients treated with clipping versus coiling. 31 The PRESAT trial was undertaken from 2006 to 2007 at 29 tertiary care referral centers in Japan where both clipping and coiling were available for ruptured cerebral aneurysms, and the treatment choice was based on both patient and aneurysm characteristics. 31 Clipping was mostly performed for small aneurysms with wide necks and for middle cerebral artery aneurysms, whereas coiling was preferred for larger, internal carotid artery and posterior circulation aneurysms. Authors of the study concluded that treatment modality, aneurysm size, and aneurysm location did not influence outcomes at tertiary care referral hospitals with high CSC capabilities.
Ideally, ruptured cerebral aneurysms should be treated at centers offering high-quality treatment with open surgical procedures as well as endovascular techniques. Our study demonstrated that high-quality surgical clipping remains available as both a first-line and a complementary treatment option for ruptured cerebral aneurysms in Japan: Our results were similar regardless of whether total CSC scores were adjusted in the mixed-model analysis. The optimal balance between clipping and coiling to maximize the overall proportion of favorable outcomes in patients with SAH will vary somewhat among centers, regions, and countries, depending on local expertise and CSC capabilities.
After CSC capabilities (total CSC scores) were adjusted in the mixed model, the odds ratios of in-hospital mortality and unfavorable outcomes of coiling compared with clipping remained almost unchanged. Although coiling was performed in hospitals with significantly higher CSC scores, the effect of treatment modality on outcomes in patients with SAH was unaffected by CSC capabilities. This finding is unexpected since higher CSC capabilities were found to be significantly associated with reduced inhospital mortality in patients with SAH in our previous analysis of the J-ASPECT study.
14 Rather than the CSC capabilities, surgeon-related factors such as technical skill and patient-related factors such as aneurysm location, size, and morphology may primarily influence the association between treatment modality and outcome. Further study is required to assess the influence of surgical skill and aneurysm characteristics.
In Japan, the official designation of primary stroke centers or CSCs has not yet begun, although the clear correlation between comprehensive stroke care capabilities and in-hospital mortality for all types of stroke revealed using the J-ASPECT Study database has had a significant impact on national policy. Given recently established evidence for the efficacy of mechanical thrombectomy in patients with acute ischemic stroke, a task force headed by the Japan Stroke Society and the Japan Neurosurgical Society has initiated an active discussion regarding the recommended items and criteria for the designation of primary stroke centers and CSCs in Japan, such as the CSC score. 14 
Study Strengths and Limitations
In light of the possible selection bias, the present study can be considered a snapshot of the state of ruptured aneurysm treatment in Japan rather than a direct comparison between the safety and efficacy of both treatments. Given that heterogeneity in patient outcomes following stroke has been observed across different hospitals in the same country, 14 considering the patients within each hospital as a cluster in a mixed model may be superior to conventional regression, which views all participants as independent. The present study is the first in which outcomes in patients with SAH treated with clipping and coiling have been compared using a mixed-model analysis of a large nationwide discharge database (DPC database), after adjustment for important patient and hospital characteristics. 14, 15 In addition, we added a propensity score analysis to verify the results of the mixed-model analysis. Findings of the propensity score analysis were mostly consistent with those of the mixed-model analysis. Therefore, we consider the results of our study to be highly reliable.
Our study has several limitations. First, the DPC database lacks several types of data such as cause of death and aneurysm characteristics. As previously mentioned, such confounders peculiar to Japan may underlie the differences in outcomes compared with other countries. Second, as a measure of SAH severity, we used the JCS score rather than the Hunt and Hess grade or the World Federation of Neurological Surgeons (WFNS) grade. The JCS is widely used for the assessment of impaired consciousness in patients with SAH in Japan. 2, 12, 14, 25, 32 Although the JCS cannot assess neurological impairment other than diminished consciousness, the JCS score on admission had the greatest impact on the outcomes of patients with SAH. 9 In addition, JCS scores have been reported to correlate with stroke outcomes. 29 Therefore, we believe that the JCS is sufficient for clinical grade assessment in patients with SAH. However, as an increasing number of stroke researchers have used JCS scores in recent Japanese DPC database studies, 2, 9, 12, 14, 25, 30, 33 it may be necessary to compare the JCS scoring system with more typical grading scales. Third, the DPC database includes information collected only during hospitalization; thus, we were unable to evaluate long-term outcomes. However, the ISAT reported that the probability of death or dependency at 2 months, 1 year, and 10 years after treatment were higher in the clipping group. 19, 20 Results of the ISAT suggest that short-term outcomes regarding mRS scores and mortality may serve as reasonable predictive markers for long-term outcomes. Fourth, the external validity of the CSC grading system has not been confirmed. External validation is necessary to increase the reliability of self-assessment; therefore, we aim to validate information regarding hospital characteristics and outcomes using a small sample set from the validation cohort of the present study.
Conclusions
Clipping remains the standard treatment for SAH in Japan. Compared with coiling, clipping was associated with reduced in-hospital mortality, longer hospital stay, and similar unfavorable functional outcomes and medical costs in Japan in 2012. These findings were independent of CSC capabilities. Further study is required to determine the effects of unmeasured confounders on the outcomes of clipping and coiling.
